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(54) Disk recording system 



(57) When a buffer underrun deciskxi circuit (1 7) de- 
\/ cides that a buffer underrun is abput to occur, data re- 
cording on the disk is interrupted by a recording control 
circuit (18). On the other hand, when the buffer underrun 
decision circuit (17) determines that a buffer underrun 



situation has been avoided, data recording is resunned 
by the recording control circuit (18). At this time, data 
recording is resumed from a position of the disk which 
is continuous to data recorded by the time the data re- 
cording was interrupted, thereby recording new data 
continuous to the last recorded data. 
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Description 

BACKGROUND OF THE INVENTTION 

1, Field dt the Invention 

[0001] The present invention relates to a disk record- 
ing system which allows data to be recorded in addition 
to already recorded data, and relates in particular to a 
disk recording system which ensures continuity of re- 
corded data even when buffer underruns occur. 

2. Descriptkxi of Related Art 

[0002] An c^ttcal disk recoiding system for recording 
data on a disk has been known in ^tijch a light beam is 
irradiated from an optk^al head onto a disk to change the 
reflectivity of a recording layer of the disk and thereby 
record data on the disk. Among such optical disk record- 
ing systems, a CD-f^ (recordable) drive of the CD (Com- 
pact Disc) family is a well known exantple in which a 
write-once mediLsm that prohibits physical erasure of al- 
ready recorded data is err.plcyed. J- 
[0003] This write-once medium such as a CD-R, how- 
ever, has a problem of buffer underruns in which a rate 
of data transfer for inputting data to a buffer does not 
keep up with a rate of data transfer for recording data 
on the medium, and this in turn leads to buffer underrun 
errors which. cause the recorded data to be discontinu- 
ous. In the case cf disc-at-once or track-at-once medium 
in which fife groups ?o be written are previousfy desig- 
nated, the recording medium cannot be used when such 
a buffer under run error occurs. . , . 

[0004] Such buffer underrun error has become more 
likely to occur as the recording rate in CD-R drives has 
increased to be higher than 4 or 8 times the standard 
rate, and as perfKsnal computers are more often oper- 
ated u^jing multi-task functkwis. Accordingly, buffer un- 
derrun error is becoming a serkHiS problem. 
[0005] On the other hand, in a packet write system, 
data can be recorded by each packet, and therefore da- 
ta recording is suspended until the data to be recorded 
fill the capacity of . each packet, thereby preventing a 
buffer underrun en-or to occur. This is disclosed in. for 
example. Japanese Patent Registered Publication No. 
2842262. 

[0006] Here, it is necessary to ensure a compatibility 
between a CD-R dri^/e and a CD-ROM drive such that 
data recorded on a disk by a CD-R drive can be repro- 
duced by a CD-ROM drive. However, a problem of this 
compatibility is also unsolved because the packet write 
system is not always applicable to CD-ROM drives. 
[0007] Further, when a CD-R drive records audio data 
corresponding to a CD- DA, a packet write system is not 
applicable to the CD-R drK'e due to a compatibility with 
a CD-DA play®r. 

[0008] In a packet write system, because link blocks 
must be formed for connecting packets, there is also a 



problem of disk storage capacity. 
SUMMARY OF THE INVENTION 

5 [0009] According to the present inverttiori. data to be 
added are synchronized by signal synchronizing means 
with data which have already been recorded on a disk 
and are then recorded at a recording start position on 
; the. disk detected by recording start positioti detecting 

^0 rneans. Therefore, it is possible, when data recording is 
resum<ed. to record new data on the disk such that the 
new data are continuous to the data which have been 
recorded by the time data r&::;ofdirig was interrupted. 
The added data can be reproduced in a manner contin- 

75 uous to the already recorded data without adoption of a 
packet write system. In this way, a disk recording system 
which can record data on a disk while ensuring a com- 
patibility with olhsr disk reproducing systems can be 
provided. 

^ [001 0} Further, if it is determined that buffer underruns 
are atx)ut to occur, data recording to a disk can be in- 
terrupted. l>ien, once it is determined that a situatton in 
which butref underruns are about to occur has been 
Hivoided. recording Is resumed at a position from whch 
.. new data can be recorded continuous to the last data 
which were recorded Immediately before the interrup- 
tion of data recording. Accordingly, a buffer underrun er- 
ror by which data are recorded on a'disk discontihuously 
can be prevented, ar»d therefore the recorded data are 

30 reproducible, even on a disk reproducing system whkjh 
can only read disks having continuously recorded data. 
[0011]' Further, in a disk recording system for record- 
ing data to which interleave processing is applied, data 
to be modu lated are stored by an erK:oder when record- 

3S ing is interrupted to secure an interleave fen^h heces- 
sary for new data to be inputted when recording is re- 
sumed. Therefore, even if data are interleaved,- it is pos- 
sible to rrxxjulate new data when record^g is resumed 
such that they are continuous to the last data which have 

^ been recorded on a disk immediatety before the inter- 
ruption of recording: 

[0012] Further, a recording start position may be de- 
tected by determining an address of the last frame of 
the data recorded on a disk while referring to the ad- 
4S dress stored immediatety before the interruptkxi of re- 
cording. Therefore, as a process prevk>us to a detection 
of a positk>n at whk:h recording is resumed, it is possible 
to reliably and quickly detect the positk)n of the last data 
recorded immediately before the interruption of record- 
so ihg, whereby the position where recording is resumed 
can be detected reliably and quk;kly. 
[0013] In partk;ular. the recording start position is de- 
tected by detecting an address of the data correspond- 
ing to one frame previous to the last frame of the data 
^ recorded immediately before the interruption of record- 
irtg and counting channel bits using, as a reference, a 
frame synchronizing signal firstly detected affer the 
aforementioned address is detected. Therefore, it is 
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possible to acJditionally record new data on a disk in a amplifier 2 to generate components required for rotation 

manner continuous to the data recorded immediately control of the disk and also demodulates an ATIP from 

before the interruption of recording. the wobble components. 

[0014] Further, as an operation ckxk used for system [0021] Numeral 8 denotes an interlace which con- 

control* a reproducing clock obtained by reproducing a s trols* via a connectkxi terminal 9. data transmisskxi and 

pit sigr^l may be used until the recording start position data receptk)n to and from a host personal computer 10 

is detected, and when. the recording start position is de- connected outside the system. Numeral 1 1 derK^es an 

tected, the reproducing cksck is switched to a recording encoder which modulates data input thereto via the in- 

cfock used for data recording. Therefore, rt is possible terface 6 into recording data to be recorded in the disk 

:to make new data to be recorded oh the disk synchro- io and 12 denotes an input data RAM for storing input data 

nized with: the data already recorded on the disk and to to be nrxxJulated by the encoder 11. 

immediately Initiate system control by mear>s of a re- [0022] When the encoder 11 modulates data based 

cording ckx:k once a. non-recorded region of the disk on the CD-ROM standard, a sync, a header, an EDC 

where a reproducing clock is not available is detected. (Error Detection Code), and an ECC(Error Correctnn 

- - ; : IS Code) for CD-ROM data are added to the input data. 

BBiEFDESCRIPTION-OF THE DRAWINGS . Subsecfuently, a process with a CIRC (Cross Inter- 

. V ' / : . leaved Reed^ Solomon Code) whk:h is an error correc- 

[0015] These and other Objects of the ihventkxi will ^ tion code of a CD system is applied while a subcode is 

be explained in the description below, in conriectkxi with •■■ ^ added, and further EFM (Eight to Fourteen Modulatkxi) 

the accofTipanying drawingSi in which: 20 r \s perloimed and a synchronizing signal is added. 

; :^ :^ [0023] Numeral 1 3 denotes an internal RAM which is ^ 

FIG. 1 is a block circuit diagram stiowing an exam- provk^edinskle the encoder i1 and is used for nrxxlula- 

pie of a CD-R drive employed tn^ disk recording tion processrtg by the er>coder 11 . Nunneral 14 denotes 

system according to the present invention; and a laser drive circuit for driving a la^er source of the op- 

FIG. 2 is a circuit bkxk diagram showing a detailed . treat head 1 so as lo perform data recording t>ased on 

structure of. a system clock generator 21. the recording data of the EFM data outputted from the 

. . encoder 11/. ■ . • 

DETAILED DESCBIPTION OF PREFERRED [0024] Numeral 15 denotes a system control circuit 

EMBODIMENT v . ' : : : ^. > whk:h performs system control with regard to disk re- 

. - cording and reproducing: Speciftealfy. the system con- 
[0016] The preferred : embodiment of the present in- trol circuit comprises an access control means 16 for 
. vcntk^n will be descnbed in further detail'wrth reference controlling access by selectively referring to a subcode 
to the accompanying drawings.' " address of absolute time information in a subcode (sub 
[0017] Fig. 1 is a bkx^k circuit dagcam showing an ex- Q data), whk^ is demodulated by the subcode demod- 
ample of a CD-R drive of a disk recording system ac- as utstingcircuitS, and to an ATIP address of absolute lime 
cordirrg.to the present invention. r \ information in ATIP whk;h is'demodulated by the ATIP 
[0010] In Fig. 1, reference numeral l derK)ies an op- demodulating circuit 7; buffer underrun decision means v^ 
tica! head which irradiates a laser beam: to trace a disk 17. which monitors data capacity stored in the input data 
for WE^ing/reading data onto/from the disk, while numer- RAM 1 2 for determining that buffer underruns are about 
al 2 derKstss an RF amplifier for amplifying an RF signal ^ to occur in which the data trarisfer rate for data input 
(a high frequency signal) obtained from the optical head ' ; cannot keep up with the data transfer rate for recording 
which reads recorded data on the disk, and for coding data on the disk and therefore data to be recorded be- 
the RF signal as binary data to be then, output as digital -. come inadequate or that the situation in which buffer un- 
data. Reference numeral 3 denotes a head servo which derruns are about to occur has been avoided; recording 
performs focusing control for feeding t>ack an output of ^5. control means 18 for controlling data recording on the 
the optk^al head 1 via the RF amplifier 2 so as to focus disk in accordance with a decisk^ made by the buffer 
a laser beam on a signal surface of the disk and tracking . underrun decision means; recording start position de- 
control so that the laser beam vM follow a sigr^al track tecting means 19 for detecting the leading end of the 
of the disk, as well as thread feeding control for nxTving non-recorded region on the disk in which no data are 
the optk:al head 1 \n the radial diroctton of the disk. so recorded to detect a recording start positiai at whch the 
[0010] Numeral 4 denotes a decoder for detTKxJulat- recording control means 18 starts datauecording; and 
ing the digital data output from the RF amplifier 2 and 5 signal synchronizing tr>eans 20 for synchronizing new 
denotes a subcode derrKxfulating circuit for demodulat- data to be recorded with the data whk^ are already re- 
ing a separated subcode. corded on the disk by using 'a syr>chronizing signal of 
[0020] Numeral G denotes a wobble decoder having 55 , the sutxxxje extracted by the decoder 4 and the sub Q 
an ATIP (Absolute Tlrrte In Pre-groove) demodulating data denrK)dulated by the subcode demcdutating circuit 
circuit 7 whch extracts wobble components of 22:05kHz 5, The system control circuit 1 5 may be a rnterocomputer 
from a pre-groove signal of a disk obtained via the RF operating as each of the aforementionod means through 
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execution of software instructions. It may be preferable, 
however, for any of the aforementioned means to be 
hardware circuits. 

[CX>25] Numeral 21 denotes a system clock generat- 
ing circuit for generating an operation clock which ts s 
used for system control of the entire operation for disk 
recording and reproducing, the circuit comprising two 
PLL (Phase Lock Loop) circuits for selectively establish- 
ing synch ronizat on with a reproducing clock obtained 
by reproducing EFM data outputied from the RF ampii- 
tier 2 or with a refererice clock having an accuracy of a 
quartz oscillator. 

[0026] As shown in Fig. 2, the system clock generat- 
ing circuit 21 comprises a reproducing ckxk systiBm for 
use in reproducing operatkitn and a reference clock sys- 
tem for use in recording operation. The reproducing 
clock system is constituted by a PLL circuH in which the 
phase of a reproducing ckxk reproduced by a clock re- 
producing circuit 22 and the prtase of an output from a 
VCO (Voltage Control Oscillator) 23 are compared with 20 
each other by a first p^tas6 conriparator 24, which then 
generates an output voltage in accordance with a phase 
shift between the reproducing ckx:k arKf the output from 
the VCO 23, and the output voltage is converted, by a 
first LPF (low pat>s fitter) 25, into a dc voltage, which is 2S 
fed back to the VCO 23 via a switcfi circuit 26. On the 
other haruj, the reference ckx:k system is coristituted by 
a PLL circuit in wtik:h the phase of a reference clock 
generated by a quartz oscillating circuit 27 and the 
phase of an output from the VCO 23 are compared with' 30 
each other by a second phase comparator 28, whk^h 
then generates an output voftage in accordance with a 
phase shift between the reference ckck and the output 
from the VCO 23, arKi the output voftage is converted, ' 
by a second LPF 29, into a d.c. voltage, whk:h is fed <^ 
back to the VCO 23 via the switch circuit 26. 
[0027] in tfie disk recording system thus constituted, 
the recording operation is executed as f olk>ws. First, the 
personal cofTiputer 10 operates to alk^wdata recording 
on the disk, thereby generating commands in accord- ^ 
ance with the operation. Tlie commands are then input- 
ted via the interface 8 and reco^ized by the system 
control circuit 15 to perform recording operation. 
[0026] When performtftg recording operation, the 
switch circuit 26 is switched by the signal syncl'ironizing ^ 
means 20 such that the reference clock system oper- 
ates, ar>d the system clock generator 21 ts In the condi- ' 
tion in which a reference clock is generated. Thus, each 
circuit shown in Fig. 1 is rk>w ready to operate in syn- ' 
chronism with a feferer>ce clock. ^ 
[0029] Specifically, the optical head 1 is controlled 
such that a laser output for pertorrhtng disk reproduction 
reacte a pre-groove signal of the disk. After the pre- 
groove sigr'ial read by the optcal head 1 is subjected to 
wave-shaping by the RF amptlifier 2, the wobble compo- ^ 
nents are extracted by the wobble decoder 6 from the 
signal, and an ATlP is demodulated froim the wobble 
components by the ATlP demodulating circuit 7. 



[0030] Data output from this personal computer 10 to 
be recorded on the disk are supplied via the interface 6 
to the encoder 11 , which modulates the data into suita- 
ble recording data. 

[0031] When the laser beam for tracing from the op- 
tical head 1 reaches a write area on the disk, data to be 
recorded are sequentiatly output by each EFM frame 
from the encoder 11, and address data indicating the 
address of the correspor>ding output data are sequerv 
tiatty updated and stored in the address memory 15a of 
tlie system control circuit 15. 

[0032] The laser drive circuit 1 4 drives a laser source 
of the optical head 1 based on the recording data output 
from the encoder IT, thereby recording the data on the 

■"disk. ; 

[0033] When recording dkta on the disk, the system 
ckx:k generator 21 generates a reference clock, and da- 
ta recording is perforrned by each predetermined frame 
in synchrbriism with the refererrce ckx^k. 
[0034] During data recording, however, when the data 
transfer rate for outputtihg data from the personal com- 
puter 10 lags behind the data transfer rate fpir writing the 
data on the disk, or, in other words, when the transfer 
rate for inputting data to the encoder 11 becomes skewer 
than the transfer rate for butputting data frorfi the encod- 
er 1 1 . the data arinount stored in the RAM 1 2 decreases. 
[0035] This condition woukj eventually result in the 
RAM 1 2 for storing data becoming empty; If this occurs, 
the buffer underrun decision iTieans 17 determines that 
buffer underruris are about to occur, thereby {generating 
a decision signal irKficatihg this situatk)n. In i^esponse to 
this deciskx) signal, the recordrig control means 18 de- 
termines the interruption of the recording on the disk arxl 
the output of data from the encoder 11 is interrupted. 
SimuitarSebusly, the optical h^ad 1 terminates irradiating 
a writing beam, to thereby interrupt the data recording 
on the disk: Here, it is also possible that the buffer un- 
derrun decision means 17 deterrhines that bifffer under- 
runs are about to occur when it detects that the data 
stored in the RAM 12 is less than a predetermined 
amount. 

[0036] When data output from the encoder 11 is inter- 
rupted, the address data corresponding the address of 
the fast frame of the data which were output from the 
encoder 11 immediately before the interruptkxi of re- 
cording are stored in the address merrK>ry 15a of the 
system control circuit 15. thus recorded address data 
are constituted by tirne information of Q channel data of 
a subcode (sub Q data) and address information indi- 
cating the position (t^lo. of data) in an EFM frame in the 
time iriformatkxi. In accordance with the address data 
stored in the address memory 15a. the signal synchro- 
nizing means 20 manages the hour, minute, and frame 
of the time tnformatk)n in the sub Q data and the position 
of an EFM frame in the time informatkxi the address of 
the last f ranrie of the data recorded on the disk trKf icates. 
[0037] Under this condition, when new data are input 
to the erKoder from the personal computer 10. the ac- 
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cess control means 16 accesses the data which had 
been recorded on the disk before data recording was 
interrupted using the ATIP demodulated by the ATIP de- 
modulating circuit 7, and the optical head 1 begins trac- 
ing. The tracing may be started, for example, from the s 
position several tracks before the address stored in the 
address memory 15a. 

[0036] In this tracing process, a pit signal on the disk 
formed by recording data on the disk is read out. When 
the EFM data can be obtained form the read pit signals. io 
the systern clock generating circuit 21 is switched by the. 
signal synchroniziing means 20 from the condition where 
a reference ckx;k is generated to the condition where a 
reproducing clock in syrKhronism yyith the EFM data is 
^^enerated. Accordingly, each circuit in Fig. 1 is 

turns to be operated in synchronism with the reproduc-,. 
ing clock arxj the encoder 1 1 is also ready to perform a 
modulation process iri ^yochronisrn with the reproduc-. 
' irigckxjk. - V, ^' . * . 

[6od9] The encoder 11 compcisjBS the internal RAM ^ 
13 for storwig data to be rnodulated, Thairitema! RAM L 
13 is corifigured such that, data necessary for CIRC . . 
processing is secured when the jdata recording is inter- . . 
rupf ed so as to secure the interleave lengtf) (maximally 
108 frarhes for EFM frames) necessary for newly input ^ 
data. Here, It is also possible Jo increase the capacity <^ 
the buff eir 1 2 to b^ used as a rneniory. for securing the . 
in^fleave iengtfi, thereby pm . 
[0040] . When the er^cpder i 1 . is ready to pertonm nxx*- 
iilalkxi processirig in synchronism with the reproducing 30 
dock, the recording data to be oijtptit f rorn the er>coder. . 
11 are synchronized with the data already recorded on 
the disk using a synchronizatkpri signal of a subcode ex- 
tracted by the decoder 4 and sub Q^dat^ derrxxlulated 
by the sutxxxie ctemc^ P^cuit 5.by the signal syn- . :?5 

chronizNTY^ mearis 20. By meaiis of the reNqording control 
rneans 1 B, the encoder 1 1 is^urne^ into a stanpfby status 
for outputting data corresponding a franrie next to the 
last frame of the data recorded cxi the c^isk irnmediately. 
before the interruption of recording while referring to the 
address data stored in the address memory 1 Sa. 
[0041] When the encoder 11 is in the sxancpy status. ; 
the recording start positkyi detecting means 1 9 detects 
the leading end position of the non-recprdecj.regkxi of 
the disk immediately after the recorded regibo in which 4S 
data are already recorded, by referring to the address 
data stored in the address merhory 1 5a. . 
[0042] The position of the leading, end in the non-re- 
corded regkxi is detected based on the time informatkxi . 
of sub Q data and the EFM frame position in the time so 
information. For the subcode frame (a collectkxi of 98 
units of EFM frames), detection is perforrned by the sub 
Q data, whereas, for the EFM frame, channel bits are 
counted one at a time using a synchronizatkxi signal as 
a reference, thereby determiriing the terminal end of the ss 
last frarne of the data recorded on the disk. Here, it is 
previously determined how many channel bits constitute 
one frame. 



[0043] When the leading end of the non-recorded re- 
gion is detected, the system ckxk generating circuit 21 
is immediately switched by the signal synchronizing 
means 20 from the status in which a reproducing ckxk 
in synchronism with the EFM data is generated to the 
status in whKh a reference ckxk is generated. Now, the 
reference clock becon^es an operation ckxk for the en- 
coder 11. 

[0044] Here, the system clock generating circuit 21 
has the constructon shown in Fig. 2. Specifk^ally. a re- 
I producing c.tock generated by the clock reproducing cir- 
cuit 22 is inputted in the first phase comparator 24 where 
the phase of the reproducing clock is compared with the 
phase of an output from the VCO 23. The comparison 
/esutt outputted from the first phase comparator 24 is 
inputted.via the first LPF 25 into the switch circuit 26. 
[0045], On the other hand, a rofererKie clock generat- 
ed by a quartz oscillating circuit 27 is inputted in the sec- 
ond phase comparator 28 where the phase of the refer- 
ence clock is compared with the phase of an output from 
the yco 23. The comparison result outputted from the 
second phase comparator 28 is inputted via the second 
LPF 29 into the switch circgit 26 , 
[0046] The switch circuit 26 selects the first LPF 25 

, until f he leading end position of the rjon -recorded regksn 
of the disk is detected. Accordingly, in this condition, the 
first phase comparator 24, first LPF 25 and the VCO 23 
operate as a phase kxked loop (RLL) for a reproducing 
ckxk while the system ckxk generatir>g circuit 21 out- 

, puts a reproducing clock as an operation clock for the 
systern. 

[0047] On the other hand, when the leading end po- 
sitk^n of the non-recofded region is detected, the switch 
circuit 26 is switched such that the second LFP 29 is 
selected, P ....... 

Accordingly, in this condition, the.second phase compa- 
rator 28, secofxJ LPF 2g and the VCO 23 operate as a 
phase kxked kx)p.(PLL) for a reference clock while the 
systi^m clock generating circuit 21 outputs a reference 
ckxk as an operatk>n ckxk for the system. 
[0048], When the switch circuit 26 is switched, a con- 
trol vottage for controlling the VCO 23 is gradually 
changed to a voltage Of the selected PLL due to a time 
coristant of the first LPF 25 or the second LPF 29. There- 
fore, when the condition is switched from where a repro- 
ducing clock is generated to where a reference clock is 
generated, a system clock generated from the system 
ckxk generating circuit 21 is also changed gradually 
from a reproducing clock to a reference ckxk. 
[0049] Simultaneously with the switching of a system 
ckxk. the recording control means 18 allows data to be 
output from the encoder 11, thereby resuming the data 
recording on the disk. 

[0050] In this case, syrxhronism has been estab- 
lished between the data to be outputted from the erxod- 
er 1 1 and the data already recorded on the disk, and the 
encoder 11 outputs data corresponding a frame next to 
the frame of the data recorded by the time data record- 
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ing was interrupted. AccordingJy. data recording is re- 
sumed from the position of the disk wfiich is continuous 
to the last data recorded by the time recording was in- 
terrupted, and new data corresponding a franne sut>se- 
quent to the frame of the last recorded data can be re- 
corded. 

[0051] The foregoing embodiment has a structure 
which assumes that a disk having data recorded by a 
constant linear vek)ctty (CLV) is rotatkx^atly controlled 
by the same method and therefore a reference clock is 
generated as a system clock used for recording opera- 
tkxi. However, in the case where a disk having data re- 
corded by a linear vekx:ity constant method is rotatkxi- 
ally controlled by a constant angular vekx;ity (CAV). a 
clock in synchronism with wobble components extract- 
ed by the wobble decoder 6 may be generated as a sys- 
tem ckxk for use in the recording operatkxi. 
[0052] While the preferred errtoodiment of the present 
invention has been described using specific terms, such 
descriptkxi is for illustrative purposes only, and it is to 
be urtderstood that changes and variatkxis may be 
made without departing from the spirit or scope of the 
appended claims. 



Claims 



10 

on the disk are inadequate when a data transfer 
rate for inputting data to the encoder is sk>wer 
than a data transfer rate for recording data out- 
put from the encoder on the disk. 
5 wherein said recording control circuit controls 

the interruf^ton and resumption of recording 
based ort detection results from said buffer un- 
derrun detecting circuit. 

10 Z. A data recording system of claim 2, further compris- 
ing a buffer for storing said input data, 

wherein said buffer underrun detecting circuit 
detects buffer under runs by nrKxiitoring the 
IS amount of data amount stored in said buffer 

4. A data recording system as defined in Claim 2, 



wherein said encoder has a menrK>ry for storing 
20 the input data and 

wherein sakj memory has a capacity required 
for securing a necessary interleave length for 
new data to be input when data recording is re- 
sumed. 

zs 

5. A data recording system of claim 1 , 
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1. A data recording system for recording data on a 
disk, comprising: 

30 

a recording control circuit for controlling inter- 
ruption and resumption of data recording on the 
disk; 

a recording start positkxi detecting circuit for 
detecting, as a recording start positkxi on the 3S 
disk, a position continuous to the trailing end of 
data which have been recorded discontinuous- 
ly on the disk due to the interruption of record- 
ing, when the recording is resumed after the in- 
terruptkx) of recording by the recording control ^o 
circuit; and 

a signal synchronizing circuit for allowing data 
to be additionally recorded on the disk after the 
recordvig is resumed, to be synchronized with 
data recorded on the disk immediately before ^ 
the interruptwn of recording; 
wherein, when the recording is resumed, the 
data are recorded on the disk in synchronism 
with the already recorded data. 

50 

2. A data recording system of claim 1 , further compris- 
ing: 

an encoder for modulating input data into re- 
cording data suitable to be recorded on the ss 
disk; and 

a buffer underrun detecting circuit for detecting 
buffer underrur^s in which data to be recorded 



wherein the data are recorded on the disk in 
frame units, and said recording start position 
detecting circuit sequentially stores addresses 
corresponding to the latest data to be recorded 
on the disk and detects the recording start po- 
sition by detecting the last frame address of the 
data stored on the disk while referring to the ad- 
dress of the data stored immediately before the 
interruptk>n of data recording onto the disk. 

6. A data recording system of claim 5, 

wherein said recording start positk>n detecting 
circuit detects the recording start position by 
detecting the address of the data recorded on 
the disk immediately before the interruptkxi of 
data recording and. after the address is detect- 
ed, counting channel bits using a frame syn- 
chronizat»n signal as a reference. 

7. A data recording system erf claim 5, 

wherein said recording start position detecting 
circuit detects the recording start position by 
detecting the address corresponding a frame 
which is one previous to the last frame of the 
data recorded on the diisk immediately before 
the interruption of data recording and counting 
channel bits using, as a reference, a frame syn- 
ch ronizatkxi signal which is first detected after 
the detection of the address. 
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a A data recording system of claim 1 , 

wherein the data are stored on the disk as a pit 
signal, and 

wherein, as an operation clock for use in sys- s 
tem operatk>n. a reproducing clock obtained by 
reproducing sakd pit signal is used until the re- 
cording start posrtkxi is detected by the record- 
ing start position detecting circuit ar»d saki re- 
producing ckxk is switched to a recording clock 10 
for. use in repording data when the recording 
start posrtiori is detected by said recording start 
position detecting circuit. 
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